Abstract-In this research, invariable performance analysis of irreversible Stirling heat pump cycle that includes internal as well as external irreversibility. The reservoirs are considered to be of finite heat capacities. These two irreversibilities are considered simultaneously in which external irreversibility is due to the finite temperature difference between external fluid and working fluids through the heat sink and heat source and internal irreversibility is due to entropy generation and regenerative heat loss. In the present study, the input power, heating load and coefficient of performance have been evaluated using finite time thermodynamics and the above three objective functions are simultaneously optimised using multi-objective genetic algorithm (MATLAB 2015a), considering the effect of various design variables. The design variables includes for optimisation are effectiveness of heat exchanger at cold side (εC), effectiveness of heat exchanger at hot side (εH), rate of heat capacitance in heat source/sink (C) , the temperature ratio (x) and cold side temperature (TC).
I. INTRODUCTION
Stirling and Ericsson cycles are one of the important cycles used for engine, refrigerator, air conditioning and heat pump systems. Stirling cycle has been utilised by various engineering applications in the construction of practical systems, like Stirling engine is used in some submarines because this engine produces very less noise thus serving its purpose for submarine which is used for secret purposes. It is also used as solar Stirling engine in some countries like New Zealand to generate electricity, it is more efficient than nonconcentrated photovoltaic cells (solar panels). It works on temperature difference, so reversely it can be used for the production of desirable temperature by providing mechanical energy. In this way it can be used both as heat pump and coolers. In the recent years, remarkable attention is drawn towards Stirling engine due to noticeable advantages, for instance a lot of resources such as biomass, fossil fuels and solar energy can be applied as heat source hence various studies are presented on Stirling engine and Stirling heat pump. From the concept of finite time thermodynamics introduced by F.L. Curzon and B. Ahlborn [1] with a work on Carnot heat engine by which they show that the efficiency of an engine operating at maximum power is given by the formula [ηm = 1−√TL/TH], which is always smaller than the well known Carnot formula [ηC = 1 − TL/TH].Now a days in most of the finite time thermodynamics research work internal irreversibility did not take into account in real cycles , because of that any optimization based on it would not get results closed to the reality of Stirling engine and heat pumps. In order to get more accurate results internal irreversibility should be introduced along with external irreversibility. The concept of internal irreversibility was first introduced by Ibrahim OM and Klein SA. The optimal performance of Stirling heat pump by means of finite time thermodynamics was implemented by Wu considering endoreversible cycle. Genetic algorithm is based on a biological evolution theory of natural selection given by Charles Darwin by which "survival of the fittest" and this concept can be applied for optimisation of mechanical systems. The non-dominated sorting genetic algorithm concept for the optimisation of Stirling engines and heat pumps was introduced by Mohammad H. Ahmadi [3] .
In this paper, a detailed analysis of performance of Stirling heat pump considering both internal irreversibility as well as external irreversibility arising due to finite heat capacity of source/sink reservoirs and regenerative losses and the entropy generation within the cycles, respectively. The Stirling heat pump optimisation have been conducted using multi-objective optimisation method of Genetic Algorithm, non-dominated sorting genetic algorithm(NSGA-II).The MATLAB 2015a software is used in this research for optimisation purpose. For the optimisation of three performance objective function i.e, input power, heating load and coefficient of performance, following parameters are included as decision parameters -the effectiveness of the hotside heat exchanger, the effectiveness of the cold-side heat exchanger, the rate of heat capacitance through the heat sink and heat source, temperature ratio Th/Tc, and temperature of cold side.
II. SYSTEM DESCRIPTION
The carnot cycle has a low mean effective pressure because of its low work output. Hence, one of the modified forms of the cycle to produce higher mean effective pressure whilst theoretically achieving full carnot cycle efficiency is the Stirling cycle. It consist of two isothermal and two constant volume processes with ideal gas as a working fluid. The T-s diagram for the Stirling cycle is shown in fig. The process from state 1 to 2 represents isothermal expansion at Tc, when temperature of heat source falls from TL1 to TL2. During this process an irreversible heat addition from the heat source of a finite capacity occurs now from state 2 to 3 represents a heat addition to working fluid is occurred by means of a regenerator through a constant volume process. Then the process from state 3 to 4 represents isothermal compression at Th, which causes the heat sink with a finite heat capacity to gain heat and rise the temperature from TH1 to TH2. At the last from state 4 to 1working fluid rejects its heat by means of the regenerator in a volumetric process. The reservoirs (source\sink) having finite heat capacities so during isothermal processes 1-2 and 3-4 finite temperature difference and irreversibility should be considered.
Fig. 1: Stirling Heat Pump cycle Thermodynamic Analysis
During the isothermal processes, let the amount of heat added from the source at Tc is Qc, temperature of source falls from TL1 to TL2 and the amount of heat deliver to the sink at Th is Qh, temperature of the sink changes from TH1 to TH2.
(2) Where, Entropy changes is given by ( 3 -4 ) = nRln 1 and ( 2 -1 ) = nRln 2 Where, λ1 & λ2 are the volume ratios for the sink and source side, n is the number of mole for the working fluid and R is the universal gas constant. CH, CL are the heat capacitance rates of source/sink reservoirs and and tH, tL are the heat addition/rejection times, respectively. Also from the heat transfer theory the heat Qh and Qc will be proportional to the Log Mean Temperature Difference (LMTD), i.e., 
where, 1 = ℎ − 1 and 2 = ℎ − 2 ( ) = [
where, 3 = 1 − and 4 = 2 − When the irreversibilities, are taken into account, the net amount of heat released to the sink and absorbed from the source are given by:
The irreversibilities are mainly due to the finite heat transfer during the regenerative process should be considered. For the condition of imperfect regeneration the regenerator loss is proportional to the temperature difference of the two processes i.e., ∆ = n (1 − )( ℎ − ) And dueto finite heat transfer, the regenerative time should be finite as compared to the two isothermal processes, as given by earlier workers [8] will be: tR = t3 + t4 = 2 ( ℎ − ) The power input, heating load and the coefficient of performance (COP) are the important parameters and the objective function of this research to be optimised, of the heat pumps. Using the various equations of heat transfer and LMTD, we obtain the expression for the power input, heating load and heating COP P =
The second law of thermodynamics for irreversible cycle gives: -
where ∆ is irreversibility parameter and less than unity for real cycle. Solving above equations, we get: P= The purpose of any heat pump is to reject as much heat as possible to the sink (space to be heated) with the expenditure of as little work as possible. This implies that we should do our best to minimize the power input for a given heating load or maximize the heating load for a given power input.
From Eqs. (13), (14) and (15) we find the optimal values of the power input, heating load and heating coefficient of performance of these heat pumps.
Multi-objective Optimisation
To optimise Stirling heat pump, the multi-objective optimisation approach is evolved and multi-objective Genetic Algorithm, inbuilt in a MATLAB (R2015a) software is used to find out the important parameters which are mainly affect the objective functions of this research. To evaluate the prior parameters and objective functions, Genetic Algorithm (GA) uses stochastic and iterative search approach. The general concept of Genetic Algorithm is shown in fig. 2 . By solving the equations of objective functions in MATLAB (R2015a) using multi-objective optimization approach that proceeds according to the Genetic Algorithm, NSGA-II procedure, minimizing input power and maximizing the heating load and coefficient of performance simultaneously.
Here, optimization has been conducted with objective functions which are presented by Eqs. (13), (14) and (15). Design parameters through optimization process are the temperature ratio Th/Tc, the temperature of cold side, the rate of heat capacitance through the heat source, the rate of heat capacitance through the heat sink, heat exchanger effectiveness at the cold side, heat exchanger effectiveness at the hot-side.
From the previous researches, following Stirling heat pump specifications have been involved [9] .
= 320 K, = 280 K, λ = 2. Fig. 4 (a) represents the optimal Pareto front relation between input power (objective 1) and heating load (objective 2) whereas Fig. 4(b) represents the score histogram for the objective functions (fun1,fun2 and fun3 shows input power, heating load and coefficient of performance respt.) of the Stirling heat pump. In this research, Genetic Algorithm optimisation approach is carried out to indicate input power (P), the heating load (RH) and the coefficient of performance (COP) of the Stirling heat pump. The coefficient of performance (COP), the performance parameter that includes input power and heating load of Stirling heat pump simultaneously been satisfied for multi-objective optimisation. The design variables that includes for optimisation are effectiveness of heat exchanger at cold side (εC), effectiveness of heat exchanger at hot side (εH), rate of heat capacitance in heat source/sink (C), the temperature ratio (x) and cold side temperature (TC). Multiobjective evolutionary approach that develop from Genetic Algorithm, NSGA-II (non-dominated sorting genetic algorithm) method has been carried out in MATLAB (R2015a) and accordingly the objectives were determined.
